Introduction {#sec0001}
============

Klippel-Feil syndrome (KFS) is a genetic malformation characterized by a complex of osseous and visceral anomalies. It can be diagnosed at birth, but mild cases may go undiagnosed until symptoms worsen [@bib0002]. It may occur in association with other anomalies (eg, nervous system) [@bib0008].

We report a case of KFS, Dandy-Walker malformation (DWM), and spina bifida, aimed at describing its clinical features and the importance of an early diagnosis.

Clinical report {#sec0002}
===============

A 33-year-old woman, gravida 2 para 0, was referred to the Unit of Genetics, University of Sassari, Italy, at 16 + 5 weeks of gestation for the evaluation of a diagnosis of spina bifida detected by ultrasound.

An amniocentesis was immediately performed and the fetal karyotype of the female fetus resulted normal.

A more accurate ultrasound examination was performed at 16 + 6 weeks of gestation; this investigation was conducted through the 3 classical axial sections used to estimate the brain anatomy since the second trimester: transthalamic, transventricular, and transcerebellar planes [@bib0015].

Fetal biometric measurements, such as biparietal diameter and occipitofrontal diameter, were computed from a cross-section of the fetal head at the level of the thalamus and cavum septi pellucidi. Both thalami and cavum septi pellucidi seemed normal. A scalloping of the frontal bones ("lemon sign") was detected through the transventricular plane. No intracranial signs of hydrocephalus were observed. Following the posterior rotation of the probe (ie, \>30 degrees), it was found an encephalocele of the posterior fossa and the elongation and downward displacement of the cerebellar hemispheres ("banana sign"). The concomitant agenesis of the cerebellar vermis poses the suspicion of a DWM [@bib0014] ([Fig. 1](#fig0001){ref-type="fig"}).Fig. 1Ultrasound scan reveal encephalocele of the posterior fossa, banana sign (arrow), lemon sign, and agenesis of the cerebellar vermis.Fig. 1.

Through a sagittal view of fetal head, it was showed the corpus callosum and a hyperextension of the fetal head, which did not change during fetal movements.

The detailed ultrasound examination of the fetal spine proved the fusion of 5 cervical vertebrae (C1-C5) into a single block, providing evidence of a KFS.

Ultrasound confirmed a spinal meningocele in the thoracolumbar region: cross-sectional images showed abnormal ossification centers of the vertebral bodies and posterior processes.

The upper extremities were found to be normal, while a *talipes equinovarus*, commonly known as club foot, was detected at the right lower extremity.

Echocardiography proved the presence of a ventricular septal defect. No other fetal anomalies were found. After a genetic counseling, the pregnant woman decided to have an abortion.

A postmortem x-ray examination was carried out. The posteroanterior and lateral views confirmed cervical spine fusion (i.e., C1-C5; [Fig. 2](#fig0002){ref-type="fig"}), including a hemivertebra at C5.Fig. 2Postmortem x-ray show cervical vertebrae fusion from C1 to C5 (arrow).Fig. 2.

The macroscopic assessment of the fetus confirmed several abnormalities: neurocranial flattening, rachischisis, cervical vertebrae combined into a single block (C1-C5), C5 hemivertebra, and encephalocele containing brain tissue. Furthermore, a cerebellar vermis was not found. Fetal heart showed ventricular septal defect and aortic arch stenosis between the left common carotid and the left subclavian artery ([Fig. 3](#fig0003){ref-type="fig"}).Fig. 3Postmortem photograph show aortic arch stenosis between the left common carotid and subclavian (arrow). Scale bar = 0.5 mm.Fig. 3.

Discussion {#sec0003}
==========

KFS, originally described in 1912 [@bib0009], is a rare skeletal congenital medical condition caused by the failed segmentation of the mesodermal somites [@bib0011] ([Fig. 4](#fig0004){ref-type="fig"}).Fig. 4Postmortem photograph show opening of vertebral canal (arrow) related to the lack of fusion of cervical, thoracic, and lumbar vertebral arches. Scale bar = 5 mm.Fig. 4.

It can occur from the third to the eighth week of gestational development [@bib0011], [@bib0017], resulting in the fusion of 2 or more cervical vertebrae [@bib0004].

The estimated KFS\'s incidence ranges from 1 in 40,000 to 42,000 newborns worldwide, with a slight female predominance (female-to-male ratio: 3:2) [@bib0016].

The etiology is unknown, although several risk factors have been associated with congenital vertebral malformations [@bib0006], [@bib0013].

The majority of KFS cases occur sporadically, even if autosomal dominant or recessive, and X-linked forms have been described [@bib0003], [@bib0012].

Specific findings can be detected in KFS patients: short webbed neck, low posterior hairline, and severe restriction of cervical movements; however, their combination cannot always be found in KFS patients [@bib0016].

The Feil classification described 4 morphologic types: type I characterized by the massive fusion of cervical and upper thoracic vertebrae; type II characterized by the fusion of 1 or 2 cervical vertebrae; type III characterized by the fusion of both cervical and lower thoracic or lumbar vertebrae; type IV characterized by the cervical fusion and eye anomalies [@bib0013], [@bib0016].

This case report showed typical KFS features and, on the basis of Feil\'s classification, it fit type II KFS definition. The ultrasound screening, indeed, showed a fixed fetal head extension and a fusion into a single block of cervical vertebrae. Clinical findings were confirmed by the postmortem x-ray examination.

Cardiovascular anomalies, mainly septal defects, in association with KFS were described by other Authors [@bib0002]: the patient we described showed a ventricular septal defect and a preductal coarctation.

Furthermore, brainstem anomalies, congenital cervical stenosis, adrenal aplasia, ptosis, lateral rectus muscle paralysis, facial nerve paralysis, syndactyly, and diffuse or focal hypoplasia in upper extremities may also be detected [@bib0002], [@bib0008], as well as central nervous system abnormalities (eg, occipital cephalocele, Chiari I malformation, syrinx, microcephaly, and hydrocephalus) [@bib0008].

To our knowledge, there is only 1 report on the association between DWM and KFS [@bib0011]. DWM is a rare congenital disorder which consists of cerebellum anomalies, particularly agenesis of the cerebellar vermis, a cystic dilatation of the fourth ventricle, and an enlarged posterior fossa [@bib0001], [@bib0014]. DWM was suspected following the absence of the cerebellar vermis and the presence of an encephalocele, both confirmed by postmortem examination. Furthermore, in addition to the cerebellar abnormalities, our patient showed a neural tube defect: a meningocele in the thoracolumbar region.

Neural tube defects are congenital anomalies, characterized by the failure of the neural folds to fuse properly in the midline and form the neural tube [@bib0005]. Two major forms have been described: spina bifida aperta (SBA) and occulta. SBA may be referred to as either myeloschisis or myelomeningocele [@bib0010]. Being meningocele often described as a less severe variant of myelomeningocele, it can be considered a SBA.

Ultrasound evaluation and anatomical postmortem examination helped us to categorize the case as KFS type II, DWM, and spina bifida.

This case report highlights the importance of an early diagnosis of KFS, particularly if associated with other malformations such as a preductal coarctation.

KFS can show several degrees of severity; based on their prognosis following an accurate diagnosis, a team of healthcare professionals can adequately counsel parents and offer them the opportunity to decide about the future of the pregnancy.
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